When interpreting the results of an occupational mortality study the effect of selection of the workforce is often an important consideration. Individuals are selected for employment on the basis of many factors, not the least of which is their ability to perform certain types of work. One aspect of the process relates to the selection of individuals on the basis of their health. In this respect individuals are partly self selected insofar as they must be sufficiently healthy to seek work but may also be selected by the employer where, for example, pre-employment medical checks are performed. The selection process 248 group.bmj.com on April 3, 2017 -Published by
(SMR = 69,95% confidence interval (CI) for all cancers; SMR = 55, 95% CI 44-69 for all other causes of death). SMRs for all cancers did not increase significantly with period since recruitment (X' for trend = 0 4, p = 0-53) but did increase for causes of death other than cancer (X2 for trend = 11.1, p = 0X001). Al V Beral at the time of recruitment but may be due to differences in sociodemographic and lifestyle characteristics. The effect on mortality of selection of individuals out of the workforce due to ill health was also examined. SMRs were particularly high for both categories in the first two years after termination of employment in individuals who left before normal retirement age (SMR = 167, 95% CI 131-211 for all cancers; SMR = 149,95% CI 128-173 for all other causes ofdeath). In comparison, death rates for the subsequent three years after termination of employment were lower (SMR= 89, 95% CI 67-115 for all cancers, SMR = 99, 95% CI 85-115 for all other causes of death). Apart from this initial fall, there was little evidence of a systematic increase or decrease in mortality with increasing period since termination of employment. Mortality was not significantly associated with duration of employment for either cause of death category either before or after adjustment for confounding factors. Whereas selection of individuals into or out of the workforce on the basis of health affects the way in which death rates change with time, other factors such as sociodemographic characteristics or health related behaviour determine the general level of mortality in the longer term. The persistently low SMRs observed in this workforce throughout the follow up period suggest that selection on the latter factors are likely to have had a considerable effect on death rates in the UKAEA workforce.
When interpreting the results of an occupational mortality study the effect of selection of the workforce is often an important consideration. Individuals are selected for employment on the basis of many factors, not the least of which is their ability to perform certain types of work. One aspect of the process relates to the selection of individuals on the basis of their health. In this respect individuals are partly self selected insofar as they must be sufficiently healthy to seek work but may also be selected by the employer where, for example, pre-employment medical checks are performed. The selection process may also take health into account indirectly by selecting individuals on the basis of other factors that are health related, such as marital status, history of psychiatric illness, or alcoholism. The general population includes employed people as well as people who are too sick to seek work or who have been refused employment on health grounds. Consequently, calculation of standardised mortality ratios (SMRs) where expected deaths are obtained using national rates often results in values below 100. The term "healthy worker effect" is widely used to describe this phenomenon,"~although some refer to it as selection or comparison bias78 or simply to confounding.39 It is of concern because adverse effects of exposures at work may be wholly or partly masked by an apparent deficit in mortality in the workforce.
Several factors have been identified as contributing to low SMRs often observed in occupational cohort studies. SMRs are usually lowest of all in the period shortly following recruitment,"4in young employees,'2 in those who remain in employment for a relatively long period,' 'c1' and in employees of higher social class." 12 The extent of deficits in mortality compared with the national average also varies according to cause of death, with SMRs for diseases with a chronic course, such as chronic respiratory disease, tending to be lower than for diseases such as cancer which often take a more acute and relatively rapid course. Published data by specific causes of death, however, are few.'"" The characteristic most often attributed to the healthy worker effect is that the deficit in mortality becomes less apparent, or "wears off," as period since recruitment increases.'"" This observation might suggest that the healthy worker effect could be minimised in an analysis by ignoring an initial period following recruitment. This is not an ideal solution, however, since any immediate effects of employment on mortality might then be missed. Furthermore, because the time course of the wearing off is not well understood, it is often not clear how long a period should be ignored.
Factors contributing to deficits in mortality of workforces have been divided into two general categories3'3-those associated with the initial selection of healthy individuals and those associated with sociodemographic differences between the workforce and the general population. The effects of initial selection on the basis of health are thought to change with time. '4 In contrast, the effects of sociodemographic characteristics of a workforce are less likely to vary over time and are often important predictors of the underlying death rates ofa workforce.'3 Moreover, whereas sociodemographic factors vary greatly between workforces, the effect that the initial selection of healthy individuals has on death rates may be similar for different workforces. Studying the way in which death rates change with time since recruitment is therefore most appropriate for understanding the way in which the initial health related selection process operates.
When discussing the selection ofindividuals on the basis of health in the employment process, a distinction is sometimes made between a "population selection effect" and a "survivor effect."' 1016 The population selection effect refers to the initial selection of healthy individuals into a workforce. As described above, this is usually investigated by examining the way in which death rates change with period since recruitment. The survivor effect refers to the retention in the workforce of healthy individuals or, conversely, the selective removal from the workforce of the sick.'6 The survivor effect is often manifest by the relatively low mortality of employees who remain in employment compared with those that leave"' " and might therefore be assessed by an examination of SMRs according to duration of employment. An alternative approach is to examine the way in which death rates change after termination of employment. A difficulty in analyses of mortality according to factors such as period since recruitment is that they may be subject to confounding by other time dependent variables.346"5" For example, both age and period since recuitment may be associated with the level of mortality of a workforce when compared with general population rates, but age and period since recruitment are correlated because there are more recent recruits among younger workers than among older employees.
We examine here the effect of health related selection on death rates in a cohort of employees in the nuclear industry while taking into account the problem of confounding described above. Because x2 for heterogeneity (df = 2) 5 9 (p = 0-05) 21 7 (p < 0-001) in the analysis. In these cases the global k degree of freedom x' statistic was divided into a one degree of freedom statistic for trend and a k-I degree of freedom statistic for departures from trend. Multivariate analyses were performed to assess the association between mortality and a specific factor of interest after adjusting for the effect of one or more potential confounding factors. Observed and expected deaths were obtained for strata defined by the joint levels of the factor of interest and each of the confounding factors. Linear models were then fitted with terms representing all the factors. From these last models, stratum specific relative standardised mortality ratios (RSMR) (relative to the rate in the lowest stratum) were estimated for the factor of interest adjusted by the effects of the confounding factors included in the model. Approximate 95% confidence intervals for RSMRs were obtained using the standard errors of coefficients in the fitted model. Table 2 gives SMRs by period since recruitment, duration of employment, age at recruitment, and period of recruitment. For mortality from all cancers and all other causes of death, the trends in SMRs were highly significant for age at recruitment. The Tables 6 and 7 show the results of analyses according to period since recruitment, duration of employment, and period since termination of employment (excluding normal retirees) adjusted for social class alone and adjusted for all the factors analysed in table 1-age at death, sex, calendar period of death, UKAEA establishment, and social class. Also shown are the earlier unadjusted results, expressed in a similar form-as relative SMRs (RSMRs) where the lowest stratum of each factor is taken as the baseline category for that factor. Adjustment for social class alone produced a slight increase in the RSMR for all cancers with period since recruitment when compared with the unadjusted estimates (table 6), although the trend remained non-significant. Additional adjustment for all confounding factors reduced RSMRs such that, as 15-78 (70) 85 (228) 73 (59) 79 (171) 20-86 (45) 80 (121) 84 (43) 77 (109) 25-72 (23) 93 (83) 73 (23) 94 (83 (p = 0 01) (p = 0 02) *Relative to the SMR in the lowest stratum which is arbitrarily set to 1 00. according to period since recruitment were also strengthened by adjustment for social class (table 7) . Although adjustment for all potential confounding factors considered resulted in a statistically significantly weaker association, in contrast with the unadjusted estimates, RSMRs from the adjusted analyses increased across all period since recruitment strata. The relatively low mortality from causes of death other than cancer in employees with longest durations of employment obtained from the unadjusted analyses disappeared after adjustment for social class (table 7) . Mortality in this cause of death category continued to show no association with duration of employment in the adjusted analyses. As was the case for cancer mortality, regardless of the type of adjustment made, RSMRs for causes other than cancer showed a sharp decline after the first two years after termination of employment, with little evidence of a systematic change thereafter. Similar adjustments were performed for analysis by age at recruitment (not shown). RSMRs for causes of death other than cancer showed no statistically significant association with age at recruitment after adjustment for social class alone (X' for trend = 1 0, p = 0-32) or all confounding factors (X' for trend = 3 3, p = 0 07). RSMRs for all cancer remained significantly associated with age at recruitment after adjustment for social class alone (X2 for trend = 7-1, p = 0-01) but not after adjustment for all confounding factors (X' for trend -3-6, p = 0-06), although RSMRs for older recruits remained higher (RSMRs = 1-00, 1-45, 1-59, 1-74, 1-75, and 2-35 for the respective age at recruitment strata).
Results
In the analyses described above duration of employment was treated as a time dependent variable-that is, an individual employed for ten years contributed person-years at risk to each of the duration of employment strata < 2 years, 2-4, 5-9, and 10-14 years. This method is compatible with that used in other studies"1 but suffers from the criticism that an individual employed for ten years could not have died during the first ten years after entry to the industry.29 To overcome this problem, SMRs were recalculated according to final duration of employment category using data only on individuals who had terminated employment. These analyses were confined to the period five or more years after (fig 2) . One explanation for this differential pattern might be that highest and lowest social classes are more prone to biases arising from loss to follow up. The higher social classes in this workforce included many scientists who are more likely to have emigrated than other workers (L Salmon, personal communication). Since emigrations from the United Kingdom are underreported (P Goldblatt, personal communication) many of these individuals may therefore contribute person-years at risk whereas any deaths that occurred among them are unlikely to have been notified and included in the study. The reason for poorer follow up in social classes IV and V is less likely to be due to emigration but possibly reflects the generally greater difficulties in linkage of records in these classes (P Goldblatt). Thus insofar as increases in mortality with period since recruitment reflect the initial selection of healthy individuals into the workforce, these data suggest that health related selection continues to exert an effect on death rates for causes other than cancer for more than 25 years. The contrasting limited increase in cancer mortality with period since recruitment lends support to the suggestion from data on other workforces that selection on Duration of employment showed little association with mortality for either cause ofdeath category, thus providing little evidence for a survivor effect whereby individuals who remain in employment experience lower mortality than those who leave. In particular, contrary to the findings in other workforces,""' there was no suggestion that short term workers had higher mortality than other workers.
Evidence for the selection out of employment of individuals due to ill health was provided by This agrees with the lack of association between all cause mortality and age at recruitment in data on rubber workers.3 The stronger association observed for cancer mortality did not disappear after adjustment for social class and remained marginally significant after adjustment for all confounding factors. The reason for this differential pattern is unclear and, since similar analyses have rarely been reported, is difficult to interpret. One reason considered was that older recruits might be more susceptible to the carcinogenic effects of radiation, although empirical evidence to support an association of increasing radiosensitivity with increasing age at first exposure is not strong.32 Moreover, when analyses were carried out separately for workers who had radiation records and other workers (not shown), SMRs for all cancers increased in a similar way with age at recruitment, suggesting that radiation exposure is an unlikely explanation.
Whereas the level of mortality in an occupational cohort is likely to depend on its sociodemographic and other health related characteristics, the way in which death rates change with time may follow a common pattern determined by the processes of health related selection. Relevant analyses from other occupational cohorts are still relatively few so this is difficult to assess at present. Analyses such as those described here are useful as they increase our general understanding of the processes of health related selection during employment. They have the important additional benefit of identifying potential confounders for consideration when investigating exposure effects in individual occupational mortality studies.
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